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ABSTRACT
Kennedy, Rachel J. M.S., Purdue University, May 2015. Four Runway Configuration 
Types and Their Relation to Arrival Delays. Major Professor: Kathryne Newton
Aside from a safe flight, airline passengers expect to arrive to their destination on 
time. With an abundance of flights in the United States arriving late each day, it has yet 
to be determined if the airport’s layout plays a role. This research looks at four common 
runway configuration types at hub and non-hub airports to determine if runway 
configurations affect arrival delays. A two-way ANOVA is conducted comparing the 
means of the on-time arrival percentage between airports exhibiting each of the four 
runway configurations as well as hub and non-hub airport status. The results determine if 
any or none of the runway configurations and hub types have the greatest influence on 
arrival delays.
1CHAPTER 1. INTRODUCTION
Airline passengers expect to arrive to their destination on time, which is why 
delayed flights account for the largest amount of complaints among travelers (Baranishyn, 
Cudmore, & Fletcher, 2010). While poor weather conditions are unavoidable and 
ultimately responsible for most delays, there are multiple other reasons for delayed flights
(United States Department of Transportation, 2014b). Acknowledging and posing 
solutions to non-weather delays is key in increasing customer satisfaction.
The following thesis addresses a gap in the knowledge of aircraft arrival delays
and the effect of the configuration of the runways at the arriving airport. The problem at 
hand and its importance are addressed as well as the basis for beginning research in this 
area. A research question, assumptions, limitations, and delimitations of the study are
provided as well as definitions of key terms relevant to the research.
Statement of the Problem1.1
Aircraft are considered to have arrived at their final destination once the aircraft 
has pulled up to the assigned gate and the pilot has set the brakes. Even after touching the 
ground on time, a plane can still arrive to its gate well past the published arrival time. 
Arrival times can be delayed by instances on the ground such as queueing to land, 
2stopping to cross active runways, and long taxiing distances. The following thesis
describes research conducted to examine the impact of different types of runway
configurations at commercial airports in the United States with scheduled passenger 
service. Data was analyzed to help determine if a specific runway arrangement is 
contributing to the number and length of arrival delays in commercial flights.
Significance of the Problem1.2
Delayed flights affect multiple entities. Passengers, aircraft availability, and 
airport operations are all potentially negatively impacted by arrival delays. Addressing 
the problem of arrival delays is important in keeping the commercial airline industry 
running efficiently. Airlines have been padding their Estimated Time of Arrivals (ETAs) 
since being required to report delay data starting in 1987 (Government Accountability 
Office, 1990). Even with the buffer time, airlines were still reporting non-weather related
delays. Determining if non-weather delays appear more frequently in specific runway 
arrangements can help determine patterns for future studies in delays and on-time arrivals. 
Studying the frequency of arrival delays can help determine published arrival times at 
airports with specific runway arrangements.
Scope of the Study1.3
Due to the availability of data and reports from the United States Department of 
Transportation (DOT), the following analysis was restricted to commercial airports in the 
United States. Commercial airlines that make over one percent of total U.S. domestic
passenger revenue are required by the FAA to report the on-time data for only the flights 
3that are carrying passengers (Airline Service Quality Performance Reports, 2004). 
Focusing on major carrier airlines rather than freight, private charter, or military flights is
more relevant to the everyday traveler and normal operations at high-traffic airports. 
The most active airports in the United States often have multiple runways. While 
some airports have opted for numerous non-intersecting runways, others have an 
intersecting pattern; both patterns allow for less waiting time between multiple take offs 
and landings. Additionally, there are airports in which only one runway is present. The 
following research focused on determining a pattern in on-time arrivals at U.S. airports 
with the three mentioned configuration categories.
Research Question1.4
This research primarily answered the following question:
? How does airport runway configuration contribute to passenger aircraft arrival 
delays for the 14 busiest commercial airlines’ domestic flights at airports with 
FAA operated air traffic control towers?
Assumptions1.5
The following assumptions were made for this research:
? Airlines have correctly reported their monthly on-time data to the FAA.
? The FAA has reported the exact data received from the airlines.
? All runways in multi-runway configurations are used.
? Data is not heavily influenced by international or other non-reportable flights.
? Cancelled flights have no contribution to delay data.
4Limitations1.6
The following limitations are inherent to this project:
? Only flights operated by 14 specific airlines headquartered in the United 
States were analyzed due to available data.
? Data was only taken from airports in the contiguous United States. 
? U.S domestic flights, those that take off and land in the U.S., and their related 
data were the only type of flights studied.
? The 318 U.S. airports served by regularly scheduled commercial service were
the only airports considered for the analysis.
? Airports controlled by Federal Aviation Administration operated air traffic 
control towers were the only airports studied.
? Runway configurations were determined by visual inspection rather than 
actual runway usage.
Delimitations1.7
The delimitations of this study are as follows:
? Cargo, military, and personally chartered flights were not analyzed. 
? Joint use civilian/military airports were not studied.
? Departure delays were not examined.
? Potential causes for delays other than runway configuration that are related to 
an airport’s layout and infrastructure were not investigated.
? Data observed was only for the 2013 calendar year.
5? The configuration and layout of taxi-ways within each runway configuration 
were not established.
Definitions of Key Terms1.8
Flight— Any non-stop scheduled passenger flight segment with a specific flight number 
scheduled to be operated pursuant to a published schedule within a specific 
origin-destination city pair, other than trans-border or foreign air transportation
(Airline Service Quality Performance Reports, 2004).
Late Flight (delay)—A flight that arrives at the gate 15 minutes or more after the
published arrival time (Airline Service Quality Performance Reports, 2004).
On-time—A flight that is operated less than 15 minutes after the scheduled time shown in 
the carriers' Computerized Reservations Systems (CRS) (United States 
Department of Transportation, 2014a).
Push-back Time—The time at which aircraft is given permission to push back from their 
allocated gate, start their engines, and commence their taxi to the runway (Atkin, 
De Maere, Burke, & Greenwood, 2013).
Runway—A rectangular area on the airport surface prepared for the takeoff and landing 
of an aircraft (Horonjeff, 2010).
Runway Configuration—The number and relative orientations of one or more runways 
on an airfield (Horonjeff, 2010).
Taxi-time—The time between actual pushback and takeoff. The amount of time that the 
aircraft spends on the airport surface with engines on, and includes the time spent 
6on the taxi-way system and in the runway queues (Simaiakis & Balakrishnan, 
2009)
Summary1.9
The contents of this chapter addressed the significance of conducting research 
comparing runway configurations and arrival delays. The research question provided a 
starting point for the study and the assumptions, limitations, and delimitations narrowed 
the focus of the research that is presented in this thesis.
7CHAPTER 2. REVIEW OF THE LITERATURE
In order to study today’s air travel complications, looking back to the 
development of flight is key to understanding how issues have evolved over time. From 
the original wooden Wright Flyer to today’s 500 passenger Airbus A380, aircraft have 
rapidly advanced as the premier mode of fast, long-distance transportation. The following
review of literature demonstrates how the airplane and the passenger flight industry came 
to be transportation necessities. The provided background establishes the need to solve 
today’s aviation related issues in order to continue building and advancing the industry. 
Today’s airport conditions and problems are also addressed to have a better 
understanding of the current state of the industry and why a comparison between delays 
and runway configuration should be further studied.
Origins of Flight2.1
Brothers Wilbur and Orville Wright began studying human flight in 1899 (Garber, 
1963). They were initially successful in creating gliders but they ultimately had larger 
ambitions, which included engines and greater pilot control. In Kitty Hawk, North 
Carolina, on December 17, 1903, Orville piloted the Wright Flyer and took to the air 
making history. Later Orville wrote:
8The first flight lasted only 12 seconds, a flight very modest compared with that of 
birds, but it was, nevertheless, the first in the history of the world in which a 
machine carrying a man had raised itself by its own power into the air in free 
flight, had sailed forward on a level course without reduction in speed, and had 
finally landed without being wrecked. The second and third flights were a little 
longer, and the fourth lasted 59 seconds, covering a distance of 853 feet over the 
ground against a 20-mile wind (Garber, 1963, p. 467).
In the years following the first flight, other aviators took to building their own 
aircraft and teaching themselves how to fly. By the beginning of World War I in 1914, 
only 11 years later, aircraft had advanced to serve the needs of militaries around the 
world. The aircraft of this time exhibited the ability perform reconnaissance, execute 
ground attacks, and serve in aerial combat (Kennett, 1999).
The creation of airfields stemmed from the growing presence of aircraft. Aircraft were 
originally landed on grass or dirt airfields. The airfields and the aircraft themselves wore 
out from the wear and tear of multiple landings. In 1919 cities started to build airports to 
meet the demand of the growing military and the aircraft fleet of the United States Post 
Office (Bednarek, 2001).
Development of Passenger Flight2.2
The first industry to utilize the concept of air transport was the United States Post 
Office (Szurovy, 2000). The creation of this service in 1918 eventually lead to the 
development of passenger flights and the airlines as we know them today. On May 15,
1918 the first scheduled airmail service that connected New York City and Washington 
9D.C. with a stop in Philadelphia, Pennsylvania was launched. By 1925, under the Kelly 
Contract Air Mail Act, the Post Office was required to contract its successful airmail 
practices to private airlines. Airlines were paid per pound of mail carried until 1930 when 
the Watres-McNary Act was passed. The act mandated that airlines were to be paid for
available cargo space for mail regardless of whether mail was actually carried (Szurovy, 
2000). The mandate caused airlines to not only invest in larger aircraft to earn more 
money from mail carriage, but in carrying passengers to offset operating costs. It was at 
this time that the public quickly became captivated by air travel.  The industry and the 
desire to fly quickly grew.
Development of Airports2.3
In 1946 the Federal Airport Act was signed by President Harry S. Truman (Quilty, 
2004). Due to the increase in passenger flights, infrastructure was needed to 
accommodate the growing industry. New runways and taxiways were constructed with 
funding from the act. Terminal buildings, although not covered under this act, were also 
heavily constructed during this time period. The costs were supported through local and 
private funding (Federal Airport Act of 1946).
A rapidly growing airline industry was cause for the Airport and Airway
Development Act of 1970 (Quilty, 2004). The act established a trust fund from taxes on 
airline fares, freight, and fuel in order to make improvements towards the congestion and 
delays major airports were experiencing (Airport and Airway Development Act of 1970).
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Air Transportation Today2.4
On October 24, 1978, President Jimmy Carter signed the Airport Deregulation Act.
The act eliminated government control over airfares and instead relied on the competitive 
market to drive ticket prices and services (Airline Deregulation Act of 1978). Once 
signed into law, airfare prices dropped significantly making air travel affordable to more 
passengers. Between 1979 and 1988 the average airfare per passenger decreased by nine 
percent (Government Accountability Office, 1996). The affordable price of flying and the 
addition of nonstop routes helped airlines and airports continue to grow. 
2.4.1 Customer Satisfaction
Once flying to a destination became standard practice, expectations of the airlines 
rose. The United States Department of Transportation (DOT) has reported that flight 
problems, which include cancellations and delays, are the top complaint among airline 
passengers. In July 2014, 35% of complaints made to the airlines were regarding delayed 
and cancelled flights. In July of the previous year, these complaints were at 40% (United 
States Department of Transportation, 2014a). Research has been conducted to determine 
what can be done to ease customer dissatisfaction during lengthy tarmac delays.
Providing food and beverage service, television programming, comfortable and clean 
conditions, and cell phone usage made delayed passengers less angry with the airline
(Baranishyn, Cudmore, & Fletcher, 2010). During tarmac delays, passengers are 
protected by the Airline Passenger Bill of Rights Act of 2011. The act ensures that 
passengers have necessary services when they are experiencing tarmac delays (Airline 
Passenger Bill of Rights Act of 2011). The act required that airlines submit contingency 
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plans on how they will accommodate passengers experiencing tarmac delays exceeding
three hours. While solving the problems of delays as they occur may relax some 
frustrated passengers, determining and eliminating the problem is necessary in order to 
reduce the number of delay-related complaints.
2.4.2 Reporting
Since September 1987, the DOT requires all U.S. airlines with more than one 
percent of total passenger revenues to report their arrival and departure data for non-stop 
legs on a monthly basis. At that time, 12 total airlines met the requirements to report their 
data. As of 2013, there are 14 airlines included in the reporting. These airlines are listed 
in Appendix A.
To make on-time arrival statistics look more favorable, airlines once padded their 
expected arrival times. Even with these adjustments, airlines were still reporting delays. 
The extra time allotted for each flight also increased airline operating costs and allowed 
for fewer flights to be scheduled. This caused the airlines to reevaluate the practice of 
allocating too much extra time (Government Accountability Office, 1990).
Airlines utilize computer reservation systems (CRS), which provide information 
about airline schedules, availability, fares, and other services (Alexander & Yoon-Ho, 
2004). These systems, which differ by airline, use travel time and historical taxi time for 
the departing and arriving airports to estimate the published arrival time. The Office of 
Airline Information, under the Bureau of Transportations Statistics, requires the airlines 
to report the on-time performance data from their CRS each month (Airline Service 
Quality Performance Reports). The office compiles the DOT required data into the On-
12
Time Flight Performance Report. There are 29 different delay related statistics that are 
required to be reported. These figures range from general information about the flight,
such as flight number and route, to the difference in scheduled and actual arrival times.
The full list is shown in Appendix B. The airlines are required to report data that involves 
any airport in the 48 contiguous states but can voluntarily report all domestic data
(Airline Service Quality Performance Reports). The 14 airlines required to report have all 
elected to report all of their domestic data. Assembled reports of the data listed in 
Appendix B are released monthly to the public through the United States Bureau of 
Transportation Statistics’ website. 
Delays2.5
Carriers must specify the reason for each late arriving flight in the Bureau of 
Transportation Statistics’ (BTS) monthly reports with one of five justifications: Air 
Carrier, Extreme Weather, National Aviation System (NAS), Late Arriving Aircraft, or 
Security. The BTS defines the delay types as follows:
? Air Carrier: The cause of the cancellation or delay was due to circumstances 
within the airlines control (e.g., maintenance or crew problems, aircraft 
cleaning, baggage loading, fueling, etc.).
? Extreme Weather: Significant meteorological conditions (actual or forecasted) 
that, in the judgment of the carrier, delays or prevents the operation of a flight 
such as a tornado, blizzard or hurricane.
? National Aviation System (NAS): Delays and cancelations attributable to the 
national aviation system that refer to a broad set of conditions, such as non-
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extreme weather conditions, airport operations, heavy traffic volume, and air 
traffic control.
? Late Arriving Aircraft: A previous flight with the same aircraft arrived late, 
causing the present flight to depart late.
? Security: Delays or cancellations caused by evacuation of a terminal or
concourse, re-boarding of aircraft because of security breach, inoperative 
screening equipment and/or long lines in excess of 29 minutes at screening 
areas (United States Department of Transportation, 2014b).
Figure 2.1 Percentage of Delay Types in 2013 (United States Department of 
Transportation, 2014b)
NAS delays will be further addressed and investigated as taxiing time and runway 
congestion fall into this delay category. Data obtained from the United States Department 
of Transportation (2014b), seen in Figure 2.1, shows the percentage of each type of delay 












all flights each month, it is the easiest to resolve, as most of its conditions occur routinely 
rather than by random chance.
2.5.1 Taxiing
The time it takes to taxi from the end of the runway to the arriving gate can cause 
delays when high aircraft traffic is present. Waiting for aircraft to pass, crossing active 
runways, and moving long distances all contribute to high taxi times. Research conducted 
at the Massachusetts Institute of Technology has concluded that taxiing time varies by the 
time of day. Aircraft at Newark Liberty International Airport (EWR), in the best case, 
aircraft can take 15 minutes to taxi between gate and runway. On May 16th 2007, between 
the hours of 9:00 am and 1:00 pm the average taxi time fell near the 15-minute mark.
Between the hours of 2:00 pm and 5:00 pm average taxi times reached upwards of 45 
minutes (Simaiakis & Balakrishnan, 2009). Long taxi times during peak travel hours of 
the day pose a threat to achieving an on-time arrival. Even though roughly 72% of flights 
each month arrive on or before their scheduled arrival time, long taxi times are a factor to 
consider in the remaining delays. A diagram of EWR, as seen in Figure 2.2, shows that 
that the terminals and runways are a great distance from one another and that there are an 
abundance of taxiways. One can conclude that taxiing between the southernmost gate in 
Terminal A and the north end of runway 22L would take a significant amount of time 
simply by looking at the layout of the airport. Planes landing on runway 22L would need 
to yield to planes taking off and landing on runways 22R and 29 as well as planes 
entering and leaving from other gates. Diagrams of the airport’s runways help assume 
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that taxi time at EWR would take 15 minutes, an already high amount of time. Long 
landing queues in addition to long taxi times at airports of this magnitude most likely 
contribute to delays. The intersecting pattern of the runways at EWR could potentially be 
causing even longer taxi times and delays.
2.5.2 Queuing
An additional factor of arrival delays is the time spent waiting to land and take off. 
As only one aircraft can land on a runway at a time, multiple planes arriving to the same
Figure 2.2 Diagram of Newark Liberty International Airport (Federal Aviation 
Administration, 2014b). Reprinted under public domain.
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destination airport at the same time will have to wait to land. The occurrence is known as 
queueing. Queues are typically seen as waste in carrier operations and need to be 
evaluated and eliminated in order to achieve optimal production rates (Sternberg, 2012).
Queueing of aircraft to take off and land has been studied by numerous research groups 
in order to make the process more efficient and less prone to delays. Stiverson and 
Rathinam (2011) have looked into runway-queue management problems and developed 
an algorithm to appropriately schedule arriving and departing aircraft to provide an 
optimal solution to queues causing delays at busy airports. 
Queues are most likely to occur at high traffic airports. Airports in large 
metropolitan areas with multiple runways are more likely to experience frequent queuing.
Remote airports with several flights a day are likely to never experience takeoff or 
landing queues due to minimal air traffic. Queues to arrive and depart are necessary for 
airports with multiple runways. Planes arriving at intersecting runways cannot land at the 
same time as they risk colliding at the interesting point of the runways. Their arrivals 
need to be staggered, which causes one plane to wait while the other lands. Additionally, 
arriving and departing aircraft both need to be cleared for takeoff/landing in a timely 
manner when they are occurring on the same runway. Therefore, these aircraft also need 
to be staggered to avoid incursions. Due to size and configuration, planes queuing at 
larger airports and airports sharing arriving and departing runways, especially during 
peak times, are more prone to delays.
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2.5.3 Gate Availability
If a flight is delayed due to extreme weather, it will most likely arrive at its 
destination airport after its scheduled arrival time. If a significant amount of time has 
passed, a gate may not be available for the passengers to deplane. In such a case, aircraft 
will go into a holding pen and wait for a gate to become available.
The lack of available gates for late arriving flights is most likely to occur with 
smaller airlines and for flights that do not originate/terminate at the airline’s hub.
Hartsfield Jackson International Airport (ATL) in Atlanta, Georgia is the headquarters of 
Delta Airlines. The airline occupies an overwhelming majority of the gates at ATL. If a 
Delta flight arrives substantially late to ATL, the airline has more than enough gates to 
accommodate the late flight. If a United Airlines flight arrives to ATL well past its 
scheduled arrival time, there may not be any gates available due to the already limited 
amount of United Airlines operated gates at that airport. The late flight would have to 
wait until a gate becomes available, which could be a substantial amount of time. As 
airport operations are responsible for gate assignments, what initially started as an
extreme weather delay can end as an NAS delay. 
Runway Configurations2.6
There are four main types of runway configurations: single, intersecting, parallel, 
and open-V (Horonjeff, 2010). These terms refer to the orientations of the runways in 
relation to one another. While some airports may exhibit a variety of different 
configurations, these four are the base for all configuration designs. 
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2.6.1 Single
Single runways consist of one lone runway that accommodates both takeoffs and 
landings. The configuration is often seen in small regional airports that do not have heavy 
amounts of air traffic. Single runways can handle up to 100 flights per hour in ideal 
conditions, both inbound and outbound. (Horonjeff, 2010). With a majority of single 
runways, aircraft take off and arrive in the directions shown in Figure 2.3. The operating 
process allows for aircraft to land and take off within a short amount of time as aircraft in 
either direction do not have to wait for the other aircraft to clear the airspace. NAS 
related delays occurring on single runways are most likely to happen when the airport 
experiences high traffic. 
Figure 2.3 Single Runway Configuration
2.6.2 Intersecting
Intersecting runways consist of two or more runways that cross paths and share 
ground with one another. These runways are often used in locations with strong winds 
and/or limited expansion space. When wind speeds are not favorable for arriving and 
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departing aircraft, one of the intersecting runways will go unused. The benefit of having 
intersecting runways is that one will always be available no matter the wind direction and 
speed. In low wind conditions, both runways can be used but takeoffs and landings need 
to be heavily monitored to avoid collisions at the intersecting points. Runways that have 
an intersecting point in the middle have a lower capacity than runways that intersect near 
either end (Horonjeff, 2010).
Runways that intersect are presumed to experience a higher frequency of NAS 
delays due to prolonged waiting. Queuing while waiting for the crossing runway to clear 
can cause long wait times to occur. Waiting to cross one of the runways while taxiing can 
also factor into delays. A typical takeoff and landing configuration for intersecting 
runways is seen in Figure 2.4.
Figure 2.4 Intersecting Runway Configuration
2.6.3 Parallel
Parallel runways are defined as those in which more than one runway is present 
and situated at the same angle. A basic parallel runway configuration can be seen in 
20
Figure 2.5. The capacity of parallel runways depends on the number of runways in 
parallel and the spacing between them. The spacing between parallel runways is 
classified as close, intermediate, or far apart in distance (Horonjeff, 2010). Close parallel 
is defined as having between 700 and 2500 feet between runways. Due to this proximity, 
close parallel runways can only be operated one at a time. Runways that are 2500 to 4300 
feet apart are called intermediate spaced runways. Each runway can operate at the same 
time but only if one is used for arrivals and the other is used for departures. If there are 
more than two runways in parallel, the runways will alternate as arriving and departing 
runways. For example, consider three runways, named X, Y, and Z, with Y being in the 
middle. Runway X would operate for arrivals, Y for departures, and Z for arrivals. 
Parallel runways greater than 4300 feet apart are considered as far apart runways and can 
operate independently from one another. In this case, runways next to each other can 
accommodate both aircraft arrivals and departures simultaneously. Each of these spacing
mode restrictions apply only to ideal flying conditions. In poor weather situations, most 
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parallel runways operate as single arriving only or single departing only.
Figure 2.5 Parallel Runway Configuration
The spacing between intermediate and far runways allows enough distance for a 
perpendicular taxiway between the runways. A taxiway of this sort will increase the 
capacity of the runways as smaller aircraft may not need the entire runway to land and 
can exit the runway sooner. While runway capacity would be increased, this would not 
necessarily be a positive change. More aircraft landing and then taxiing at slow speeds 
would cause a drastic increase in overall traffic, thus contributing to NAS related delays.
Researchers in the Netherlands have noted queueing issues with closely spaced 
runways and brainstormed different approaches for aircraft to take. Two approaches were 
investigated. First, a staggered approach procedure in which aircraft approaching the two 
runways were offset to allow one runway to be used at a time but also allowed aircraft for 
the second runway to approach the instant the aircraft on the first runway touched the 
ground. The second was a steeper approach procedure in which aircraft approaching one 
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runway came in at a steeper angle than aircraft arriving to the other runway. This gave 
the aircraft approaching both runways adequate space. Both procedures were simulated 
on two large airports. Each approach seemed promising in increasing runway arrival 
capacity and reducing the interference of near-simultaneous landings on closely spaced 
parallel runways (Janic, 2008).
2.6.4 Open-V
Open-V runways are those that are oriented in different directions that do not 
intersect (Horonjeff, 2010). If wind speeds were strong enough in one direction, the 
runway unfavorable to the prevailing wind would be inoperable. The remaining runway 
would act as if were at a single runway airport. Open-V runways can further be classified 
in two different ways: converging or diverging. A converging layout is one in which 
operations move towards the point at which the runways make the V shape. In ideal 
conditions, this pattern can see as many as 100 inbound and outbound flights per hour. 
Diverging runways are the opposite as operations start at the end of the V shape and 
move outwards from each other. The diverging pattern is more efficient as it can see up 
to 180 flights an hour in ideal conditions (Horonjeff, 2010). NAS delays would 
minimally occur in the open-V configuration, mostly due to taxiing. Visual comparisons 
of converging open-V runways and diverging open-V runways are shown in Figure 2.6.
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Figure 2.6 Open-V Runway Configurations
2.6.5 Restrictions and Considerations
The layout of an airport’s runways is often chosen by factors other than available 
space. Typical weather conditions such as wind and visibility limit the directions and 
amount of aircraft an airport can accommodate. Runways are only usable when 
crosswinds do not exceed set limits and tailwinds are not greater than six knots (George 
Mason University, 2014). Intersecting runways in an “X” shape are often seen at airports
that face adverse wind conditions, such as Chicago’s Midway airport. The arrangement of 
runways allows for four different directional landings to accommodate all wind 
conditions. 
Potential noise is also considered when trying to utilize multiple runways and 
increase system capacity. The largest airports in the United States often border residential 
and other densely populated areas; therefore keeping noise to a minimum is crucial to 
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reducing complaints. For this reason, many airports are situated on bodies of water. 
Aircraft at these airports can take off with maximum thrust and not disturb those on the 
inland side of the airport. Most major airports still have noise restrictions in place. For 
example, at Boston Logan International Airport (BOS), no runway can be continuously 
used in one direction for more than four hours in order to reduce the noise nearby 
residents are exposed to (George Mason University, 2014).
Surrounding infrastructure and geographical features also influence runway 
configuration design. San Diego’s Lindbergh International Airport (SAN) is the busiest 
single runway airport in the United States. SAN is located in the heart of the city and has 
no room to expand due to its proximity to downtown San Diego, residential communities, 
and the San Diego Bay. In fact, ordinances are in place to limit the height of downtown 
buildings as a precaution to low approaching aircraft. SAN does not have the space for 
additional runways and will forever be a single runway airport despite surges in air traffic.
2.6.6 Ideal Configuration
While no single runway configuration is perfect for reducing taxi times, queuing, 
and delays, there is one airport in the United States with a configuration that could be 
considered the ideal. Travis Air Force Base in Fairfield, California does not serve 
commercial airlines, but its runway configuration nearly eliminates taxiing time and 
taxiing related delays. Figure 2.7 is a pictorial representation of the two runways at the
military installation. Arriving aircraft land and briefly taxi to the terminal at the eastern
end of the landing runway. Departing aircraft taxi to the westernmost side of the takeoff 
runway. Taxiing delays are practically eliminated as all taxiing occurs in the same spot 
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right in front of the terminal. If commercial airports adopted this style of configuration, 
NAS delays would be minimized as a smooth flow of aircraft would be established. 
Figure 2.7 Travis Air Force Base Runway Configuration
Airport Categories2.7
Every year the FAA publishes a detailed list of the number of departing 
passengers (enplanements), that each airport in the United States accommodated in the 
previous calendar year. The airports on this list are all primary commercial service 
airports and are classified by four different hub types as defined in Title 49 Section 47102 
of the U.S. Code (2011):
1. Large Hub: 1% or more of annual passenger boardings.
2. Medium Hub: At least 0.25%, but less than 1% of annual passenger boardings.
3. Small Hub: At least 0.05% but less than 0.25% of annual passenger boardings
4. Nonhub: More than 10,000 enplanements but less than 0.05% of annual 
passenger boardings.
Airports that do not meet any of these requirements are classified as non-primary 
airports. If the airport has less than 2,500 enplanements in a given year, it is not 
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considered a commercial service airport. An airports’ hub type can change from year to 
year based on changes in the volume of scheduled commercial passenger service.
Incursions2.8
Incursions are defined as a scenario in which at least two aircraft occupy or intend 
to occupy the same geographical space (Singh & Meier, 2004). With runways that 
intersect and a plethora of taxiways, high traffic airports have the greatest risk of runway 
incursions. Singh and Meier (2004) stated that incursions can be caused by three factors:
1. Pilot Deviations— Errors committed by the pilot during movement on the 
airport surface
2. Operational Errors—Wrong clearances issued by the controller
3. Vehicle or Pedestrian Deviations—Causing an incursion on the runway
Incursions and close calls have rapidly increased over the past 20 years with the 
leading cause being pilot deviations. Incursions most commonly occur with aircraft 
attempting to taxi across an active runway. This is most likely to occur at airports with 
intersecting or parallel runways. In the worst case, an actual collision would lead to 
extreme delays as runways and taxiways would be shut down.
Gaps in communication can occur as air traffic controllers aim to move aircraft as 
quickly as possible. Controllers and pilots can lose their situational awareness if they are 
rushed into trying to meet their published arrival time. If airports with intersecting and
parallel runways do in fact achieve the largest amount of late arrivals, perhaps altering 
the arrival times based on runway configurations would help avoid incursions involving 
poor judgment by pilots and ground controllers.
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Statistical Testing2.9
Comparing data between different runway configurations is best done using 
known statistical tests. Unlike visually inspecting the data in each category, statistical 
tests mathematically make comparisons amongst groups of data and provide results in 
order to draw appropriate conclusions.
2.9.1 Analysis of Variance 
An analysis of variance (ANOVA) assesses whether observed differences among 
sample means of quantitative data are statistically significant by comparing several 
population means of normally distributed data (Moore & McCabe, 2014). An ANOVA 
can help determine if the means of several independent samples are significantly different. 
There are many different types of ANOVA tests, including one-way ANOVAs and two-
way ANOVAs.
Both ANOVA tests require that data meets three conditions before the test can be
performed (Moore & McCabe, 2014):
1. The data must be normally distributed.
2. The groups of data must have equal variances.
3. The samples must be independent of one another. 
Normality is established by using an Anderson-Darling Test and equal variances 
are determined by constructing multiple comparison intervals for the standard deviation.
Both can be run using statistical software packages.
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In the event that given data is not normally distributed, a Kruskal-Wallis test is
used in place of an ANOVA test. A Kruskal-Wallis test investigates a null hypothesis 
stating that yields have the same distribution in all groups and an alternative hypothesis 
that yields are systematically higher in some groups than others (Moore & McCabe, 
2014). This test focuses on the rankings of the median of each group rather than the mean 
which is the focus of an ANOVA test. 
2.9.1.1 One-Way ANOVA
A one-way ANOVA is used to test the significance in the means of data that 
differ by one factor. Only one independent variable and one dependent variable are
present in the data set. As with any statistical test, null and alternative hypotheses need to 
be established. The null hypothesis of an ANOVA states that all means between the 
desired groups are the same while the alternative hypothesis suggests that the means are 
not equal. Once data has been collected, summary statistics such as sample size, mean, 
standard deviation, and variance are determined for each set of data. 
To complete the ANOVA, degrees of freedom, sum of squares, and mean square
are calculated within and between each group. The F value and the p-value are also 
calculated in order to make a decision about accepting or rejecting the null hypothesis. 
Multiple calculations are required to successfully complete an ANOVA. The process of 
conducting a one-way ANOVA is simplified by using a statistical software package. The 
output from the chosen program will provide a p-value for the test. If the p-value is less 
than a predetermined alpha level, typically 0.05, then the null hypothesis will be rejected. 
If the p-value is greater than the alpha level, the null hypothesis will fail to be rejected.
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2.9.1.2 Two-Way ANOVA
In a two-way ANOVA, two independent variables are tested against a dependent 
variable. There are three different sets of null and alternative hypotheses for this test. The 
first determines if there is a difference in the effect of the first independent variable, the 
second determines if there is a difference in the effect of the second independent variable 
and the third determines if there is any interaction between the two independent variables.
The calculations used to complete the two-way ANOVA are the same as those of 
the one-way ANOVA, the only difference being the additional calculations for the 
interaction between the two independent variables. As with the one-way ANOVA, the
test is best completed using a statistical software package. The statistical output will 
provide a p-value for each hypothesis. Each p-value should be compared to the 
predetermined alpha level and each null hypothesis should be or rejected or fail to be 
rejected in the same manner as the one-way ANOVA. If any null hypotheses are rejected 
additional analyses are recommended to clarify the nature of the differences between the 
means, known as post hoc tests (Moore & McCabe, 2014).
Summary2.10
Studies on different airport runway configurations and delays that occur on the 
ground have been researched individually but never together. Statistically finding a 
correlation between the two can potentially lead to new standards in evaluating runway 
choices, procedures in flight scheduling, and customer satisfaction. After looking at the 
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prior issues of the aviation industry and passenger flight, reducing delays seems to be a
growing concern. Starting in the early 20th century, aviation problems have evolved from 
developing early aviation technology, to how to carry the most mail, to how to carry the 
most people. Now that the industry has grasped the movement of people, the next 
industry-wide issue is getting people where they need to be at the time they are promised. 
While there are uncontrollable factors to achieving this promise, the factors of NAS that 
can be changed need to be addressed, analyzed, and statistically studied.
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CHAPTER 3. METHODOLOGY
The following chapter outlines a methodology to further acknowledge trends 
in aircraft arrival delays. An in-depth look at past data helps relate delays to runway 
configurations. Statistical analyses were conducted on the acquired data to draw 
conclusions about different runway configurations. The methodology presented was 
used to answer the research question: How does airport runway configuration 
contribute to passenger aircraft arrival delays for the 14 busiest commercial airlines’ 
domestic flights at airports with FAA operated air traffic control towers?
Data Acquisition3.1
The methodology aimed to answer the research question by looking at 
multiple sources of preexisting data. The Bureau of Transportation Statistics (BTS) 
within the U.S. Department of Transportation (DOT) houses the Research and 
Innovative Technology Administration (RITA). RITA provides vast amounts of 
transportation data to the public via their website (United States Department of 
Transportation, 2014c). Within the RITA aviation data library there are over 30
databases with air travel data and statistics. The Airline On-Time Performance Data
database was accessed to gather pertinent on-time arrival data for this study. The
database allows data to be sorted by many different variables. Available categories
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relevant to this study include: time period, airline, destination airport, arrival 
performance, flight summaries, and cause of delay. The RITA databases provide data 
from all airports that are served by U.S. commercial airlines on a regularly scheduled
basis. These airports can be served by many airlines and offer flights to multiple 
destinations, such as Los Angeles International Airport, or feature service from one 
airline such as Cedar City Regional Airport in Cedar City, Utah, which only provides 
flights by Delta Airlines to Salt Lake City. Each airport in the study that is required to 
report on-time data, regardless of size and available services, was investigated to 
determine the configuration pattern of its runways.
The on-time performance percentages per airport in the Airline On-Time 
Performance Database can be classified by the origin or destination airport. If a flight 
was to take off from O’Hare International Airport (ORD) in Chicago and land on time 
at La Guardia International Airport (LGA) in New York City the statistics under 
origin airport (ORD) would show for the flight landing on time at LGA. Under the 
analysis for the destination airport, this flight being on time would fall under the 
statistics for LGA. Because this study aimed to find trends in aircraft arrivals, the 
destination statistics were more favorable because they account for aircraft arriving at 
that airport, regardless of where they originated from. The exact data for this study 
was taken from the “DestAirportID” analysis and filtered by “*OntimeArrivalPct” as 
well as by the year 2013. These filters provided the correct statistics and the 
information for the airports essential for this study. The steps taken to get to the data 
from the main RITA website to the resulting output are outlined visually in Appendix 
C.
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Airports located in Alaska, Hawaii, and other United States territories were 
removed from the data. The remaining airports were those only located in the 
contiguous United States. 
3.1.1 FAA Operated Airports
The Federal Aviation Administration provides airport data through their 
Operations Network, known as OPSNET. OPSNET provides the Air Traffic Activity 
Data System (ATADS) which contains official NAS air traffic operations data and 
presents it to the public (Federal Aviation Adminstration, 2009d). The Facility 
Information report provides a list of all 3308 airport facilitates in the United States.
The output of the report defines a classification for each airport which provides detail 
about the airport’s air traffic control systems.  Many facilities fall under the Non-FAA 
Facility category. This category defines airports as a facility which is not under 
contract to the FAA and has the option of using its own employees or subcontracting 
air traffic control services (Federal Aviation Administration, 2009a). Any airport that 
was listed in the RITA database and is listed as a Non-FAA Facility by the ATADS 
data was removed from the dataset. Removing these airports leaves the dataset with 
airports that are controlled under the same organization and policies 
3.1.2 Joint-Use Airports
There are 23 airports in the United States that are considered Joint-Use 
Airports. These airports are owned by the Department of Defense and both military 
and civilian aircraft share use of the airfield (Federal Aviation Administration, 2014c).
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As military operations take precedence over commercial flights, any airport listed as 
Joint-Use by the FAA was removed from the data. The list of all Joint-Use airports in 
the United States is shown in Appendix D.
3.1.3 Runway Classification
The process seen in Figure 3.1 was used to classify each of the remaining 
eligible airports taken from the database. Each airport was individually entered into 
the FAA’s Airport Diagram webpage, shown in Appendix E. First, the number of 
runways the airport has was determined and recorded. The airport was classified as a
Single Runway airport if it had only one runway. If the airport had two runways, it 
was necessary to determine if the runways intersected with one another. The airport 
was classified as Intersecting Runways if they did intersect and Non-Intersecting 
Runways if they did not. Different layouts for two runways that are classified as 
Intersecting Runways are seen, but not limited to, the configurations shown in Figure 
3.2. Due to similarities in their configurations and takeoff and landing practices, 
parallel runways and open-V runways were both classified as Non-Intersecting for the 
purpose of this study. Potential cases of non-intersecting runways for airports with 
only two runways are seen in Figure 3.3.
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Figure 3.2 Potential Intersecting Runways for Airports with Two Runways
Figure 3.1 Airport Classification Process
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Once it was determined that an airport with more than two runways had 
intersecting runways, it was then classified as either Intersecting Runways or 
Combination Runways. To be classified as Intersecting Runways, airports with more 
than two runways must have all of the runways intersecting with one another. If there 
were any runways in this scenario that did not touch all other runways, the airport was
classified as having Combination Runways. Airports exhibiting both intersecting and
non-intersecting runways fell in this category due to the chance of operating under 
either classification if one or more runways were not operational at any time. 
Examples of classifications for airports with more than two runways are seen in 
Figure 3.4.
Figure 3.3 Potential Non-Intersecting Runways for Airports with Two Runways
Figure 3.4 Potential Classifications for Airports with More Than Two Runways
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3.1.4 Hub Classification
After being classified by runway configuration, each airport was categorized 
as either Hub or Nonhub based upon where it fell on the enplanement list for the 2013 
calendar year. Airports that the FAA had classified as large hub, medium hub, and 
small hub were combined to signify Hub airports. The airports listed as nonhub
remained in the Nonhub category for the study. Further dividing each runway 
configuration as Hub or Nonhub helped distinguish between arrival delays at airports 
with different amounts of traffic as Hub airports may be more susceptible to delays 
due to more passengers and more flights.
After the removal of airports that served less than 10,000 passengers, or non-












Microsoft Excel was utilized to organize the list of airports by runway 
configuration and hub type. The data types included airport information, percentage 
of on-time arrivals, enplanements for the 2013 calendar year, and hub status. These
data were kept in the worksheet for easy retrieval for later analysis. The statistical 
software packages SPSS and Minitab were used to conduct tests, analyze the data 
from the different runway configurations, and plot the data in appropriate graphs. 
Analysis3.2
The data were required to meet all conditions of running an ANOVA before 
the test was performed. First, the on-time arrival percentage was plotted in a 
histogram and checked for normality by conducting an Anderson Darling test.
Multiple comparison intervals for the standard deviation of each category were 
constructed to determine if the groups have equal variances. These tests were both
conducted in Minitab. Since the data from one airport has no effect on the data from 
another airport, the airports are independent samples.
After the conditions of normality and equal variances were met, a two-way 
ANOVA was run in SPSS. The two-way ANOVA tested for significance in the on-
time arrival percentage at airports for each runway configuration and their appropriate
hub classification. It also determined if the interaction of the two independent 
variables had any significance. The two-way ANOVA tested the following three 
hypotheses based on an alpha level of 0.05:
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1. H01: μsingle = μintersecting = μnon-intersecting = μcombination
H?1: not all μ are equal
2. H02: μhub = μnonhub
H?2: not all μ are equal
3. H03: There is no significant interaction between configuration and hub
classification
H?3: There is a significant interaction between configuration and hub
classification
Threats3.3
Airports were classified based on their runway configuration as of December 
2014. The analyzed data were taken from previous years and in that time runways 
may have been closed due to construction, weather, operating costs, were not built at 
that time, or other factors. The best effort was made to determine that the airports are 
classified in the configuration they exhibited at the time of data collection. 
Unavoidable inaccuracies in identifying configurations also threatened the validity of 
the results.
Summary3.4
This study commenced by retrieving data from the Airline On-Time 
Performance Database and eliminating Non FAA Facilities and Joint-Use airports.
Once the on-time arrival percentage for each of the qualified airports was obtained,
the listed airports were classified by one of four runway configurations. Within each 
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configuration the data were further categorized as Hub or Nonhub. After eight
categories were developed, two different two-way ANOVAs were run. One for on-
time arrival percentage and the other for the taxi-in time statistic.
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CHAPTER 4. PRESENTATION OF DATA AND FINDINGS
The following chapter presents the executed methodology that was outlined in 
Chapter 3. Once the data were obtained, they were classified into appropriate groups 
and the statistical analyses were performed. The chapter displays descriptive data for 
all of the classification categories and the output from the statistical test.
Data Removal and Classification4.1
The initial list of airports, their corresponding location information, and on-
time arrival percentage were collected and organized in Microsoft Excel. The column 
indicating airport location was filtered to display airports located in Alaska, Hawaii, 
Puerto Rico, the Virgin Islands, and other United States territories. The 32 resulting 
airports were removed from the data.
The list of all airports from the ATADS Facility Information report were 
compared to the remaining 286 airports. Any airport listed as a Non-FAA facility was 
removed from the data. This resulted in another 44 airports being removed from the 
dataset. 
The list of Joint-Use airports was compared to the remaining 242 airports. 
One airport was removed from the data, leaving 241 airports. Three other RITA 
reportable airports appeared on the Joint-Use list but were previously eliminated from 
the data.
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Each airport was entered into the FAA’s Airport Diagram website and its 
runways were appropriately classified by a visual inspection of the airport diagram 
that the FAA had on file on December 3, 2014.
The number of enplanements in 2013 and the airports hub status were
recorded per to the List of Commercial Service Airports based on CY2013 
Enplanements provided by the FAA. Orlando Sanford International and St Pete-
Clearwater International, both Small Hub, Combination Runway airports, appear on 
the enplanement list but are not a part of the RITA database. While each airport 
served over 500,000 passengers in 2013, the scheduled passenger services were only 
provided by Allegiant Air. This low-cost airline, along with Spirit Airlines, makes up 
less than 1% of scheduled flights in the industry so the two airports were not included 
in the data even though they experience ample passenger traffic. 
Once completed, the data were filtered by number of enplanements in 2013.
The airports that did not serve at least 10,000 passengers were removed from the data 
since they are not considered primary airports. Only one remaining airport 
experienced less than 10,000 enplanements, leaving 240 airports in the dataset and 
ready for analysis. The frequency of on-time arrival percentages for these airports 
was plotted in Minitab and shown in Figure 4.1. The full spreadsheet of data eligible 
for analysis is displayed in Appendix F and the data of each airport eliminated from 
the final dataset in displayed in Appendix G.
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Figure 4.1 Histogram of All On-Time Arrival Percentages
ANOVA Conditions4.2
In order to meet the first assumption for running a two-way ANOVA an 
Anderson Darling test was performed in Minitab to determine if the data were
normally distributed. The resulting probability plot is shown in Figure 4.2. The test 
returned as normally distributed, p= 0.057. The majority of on-time arrival 
percentages fell along the normal distribution line in Figure 4.2, indicating a normal 
distribution.
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Figure 4.2 Probability Plot of On-Time Arrival Percentages
The final cut of 240 airports was appropriately filtered to establish the 
number of airports in each of the eight configuration/hub groups. The counts of 
airports as well as totals for each runway and each hub category are outlined in Table 
4.1. The Intersecting Runway configuration had the most airports with 94 while 
Single Runway airports accounted for the fewest with 24 of the 240 total airports. 
Within the Hub category, Single Runway airports were far fewer, making up only 7%
of the total Hub airports. The three remaining categories accounted for 23%, 33%, 
and 37% of the airports in the Hub category.
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Table 4.1 Final Airport Category Counts




Single 8 16 24
Intersecting 27 67 94
Non-Intersecting 39 19 58
Combination 44 20 64
Total 118 122 240
The categories were tested for equal variances by constructing multiple 
comparison intervals in Minitab. The resulting output of the test is shown in Figure 
4.3. The multiple comparisons intervals confirm that the groups of data have equal 
variances at the 0.05 alpha level, p=.058, due to the intervals all overlapping. As 
mentioned in Chapter 3, the data from one airport has no effect on the data from 
another airport, therefore, the airports are independent samples. As the conditions for 
running a two-way ANOVA were all met, the test proceeded.
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Figure 4.3 Test for Equal Variances
On-Time Arrival Two-Way ANOVA4.3
After the assumptions were met, the data were transferred into SPSS and a 
two-way ANOVA was run to test the hypotheses presented in Chapter 3. The 
descriptive statistics for the test were generated and are seen in Table 4.2.
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Table 4.2 Descriptive Statistics for On-Time Arrival Percentage Data
Descriptive Statistics for On-Time Arrival Percentage Data
Category Mean Std. Deviation N
Combination
Hub 76.84 3.751 44
Nonhub 76.35 4.634 20
Intersecting
Hub 76.31 3.278 27
Nonhub 76.12 5.410 67
Non-Intersecting
Hub 78.10 3.458 39
Nonhub 78.48 7.212 19
Single
Hub 80.27 5.359 8
Nonhub 76.47 4.993 16
The marginal means for each runway/hub configuration were plotted in Figure 
4.3. The plot shows one line per runway configuration. Any lines that cross one 
another are seen to have an interaction but need to further be confirmed that the 
interaction is significant. From the plot, it is assumed that Single Runways and Non-
intersecting Runways have significance with one another when compared against hub 
type. Lines that are near-parallel indicate that there is no significant interaction
between them. Because Single Runways were the only configuration type to display a 
negative slope, it was assumed that the two-way ANOVA would indicate a significant 
interaction in Single Runways. 
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Figure 4.4 Estimated Marginal Means Plot of On-Time Arrival Percentages
The output for the two-way ANOVA that analyzed the on-time arrival 
percentages is seen in Table 4.3. The test looked for a significance in runway 
classifications as well as hub types, and then for an interaction between the two. 
Table 4.3 Two-Way ANOVA Output for On-Time Arrival
Two-Way ANOVA Output for On-Time Arrival
Source SS df MSE F p-value
Runway Classification 123.367 3 41.122 1.358 0.129
Hub Type 64.624 1 64.624 2.997 0.085
Runway*Hub 58.401 3 19.467 0.093 0.440
Error 5001.880 232 21.560
Total 1424660.882 240
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The two-way ANOVA resulted with no significant effect of runway 
configurations on on-time arrival percentage at the 0.05 alpha level, F(3,232)=1.358,
p=.129. The hub type, F(1,232)=2.997, p=.085, and the interaction of hub type and 
runway classification, F(3,226)=0.093, p=.440 were also not significant. Due to no
significance at the 0.05 alpha level in any of the three tested sources, no post hoc test 
was necessary.
Summary4.4
This chapter presented the results of the conducted analysis. The data were
collected and appropriately reduced. The final set of 240 airports was categorized and 
plotted then the on-time arrival percentage was run in a two-way ANOVA comparing 
runway configuration and hub/nonhub status. The results of the analysis will be 
discussed in detail in Chapter 5 and appropriate conclusions will be made.
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CHAPTER 5. CONCLUSIONS, DISCUSSION, AND RECOMMENDATIONS
The following chapter evaluates the output of the test run in Chapter 4. The 
test results are compared their hypotheses and discussed in order to draw conclusions 
about the entire dataset and answer the research question: how does airport runway 
configuration contribute to passenger aircraft arrival delays for the 14 busiest 
commercial airlines’ domestic flights at airports with FAA operated air traffic control 
towers? Recommendations for further research and analysis are also made.
On-Time Arrival Two-Way ANOVA Conclusions5.1
The initial two-way ANOVA compared runway classification and hub type 
against on-time arrival percentages. The analysis tested the following hypotheses:
1. H01: μsingle = μintersecting = μnon-intersecting = μcombination
H?1: not all μ are equal
2. H02: μhub = μnonhub
H?2: not all μ are equal
3. H03: There is no significant interaction between configuration and hub 
classification
H?3: There is a significant interaction between configuration and hub 
classification
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The first set of null and alternative hypotheses focused on the configuration of 
the runways, testing if the means between Single Runways, Intersecting Runways, 
Non-Intersecting Runways, and Combination Runways were all equal or not. The 
two-way ANOVA, F(3,232)=1.358, p=.129, resulted with a p-value greater than the 
0.05 alpha level. 
The second set of hypotheses were set to determine if the means between Hub 
and Nonhub airports were equal or not equal. The two-way ANOVA, 
F(1,232)=2.997, p=.085, resulted with a p value greater than the 0.05 alpha level 
The third and final set of null and alternative hypotheses tested for a 
significant interaction between runway configuration and hub type. The two-way 
ANOVA, F(3,226)=0.093, p=.440, also resulted with a p-value greater the alpha level 
of 0.05.
Table 5.1Two-Way ANOVA Summary of Results
Two-Way ANOVA Summary of Results
Source Significance Alpha Null Hypothesis Status
Runway Classification 0.129 0.05 H01 Fail to Reject
Hub Type 0.085 0.05 H02 Fail to Reject
Runway*Hub 0.440 0.05 H03 Fail to Reject
Because all three tests within the two-way ANOVA resulted in p-values 
greater than the 0.05 alpha level, each of the three null hypotheses failed to be 
rejected. The summarized results of the two-way ANOVA are illustrated in Table 5.1. 
Failing to reject all null hypotheses indicates that the means of runway configuration 
are equal, the means of hub type are equal, and there is no significant interaction 
between runway configuration and hub type.
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Answer to Research Question5.2
The analysis performed on the airport data was conducted to answer the 
research question: how does airport runway configuration contribute to passenger 
aircraft arrival delays for the 14 busiest commercial airlines’ domestic flights at 
airports with FAA operated air traffic control towers?
By failing to reject all three null hypotheses presented in the two-way 
ANOVA, there is significant evidence to conclude that runway configuration does not 
contribute to passenger aircraft arrival delays for the 14 busiest commercial airlines’ 
domestic flights at airports with FAA operated air traffic control towers.
Recommendations for Future Work5.3
The conclusions drawn in this analysis would be further confirmed if the tests 
were repeated across multiple years of data. If data from different years resulted in 
the same trends, then more precise conclusions could be drawn. If the same data for a 
different year showed different results, further analysis would be necessary in 
determining why.
Additionally, running the same analysis with data from other countries could 
determine if the United States’ on-time arrivals and runway configurations behave in 
the same way as the rest of the world.
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Summary5.4
This thesis has concluded that if a new airport were to be built that expected to 
serve more than 0.05% of annual passenger boardings, no specific runway 
configuration would amount in more on-time arrivals than any other.
In order to reduce the number of aircraft arrival delays altogether, there is no 
specific runway configuration that needs to be further studied among these four 
configurations as they all statistically have equal mean on-time arrival percentages. 
Delays as a whole would need to be investigated across the industry rather than at 
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Appendix A Airlines With At Least One Percent of Scheduled Passenger Service
According to the September 2014 Air Travel Consumer Report (United States 
Department of Transportation, 2014a), the following airlines account for at least one 
percent of scheduled passenger service and are therefore required to report their on-time 















As of January 2014, American Airlines and US Airways report their data together 
and appear as American Airlines. Additionally, AirTran Airways and Southwest airlines 
58
began reporting together starting January 2014 and appear as Southwest Airlines. Starting 
January 2015, Spirit Airlines is required to report their data as they had surpassed one 
percent of scheduled passenger services in 2014.
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Appendix B Required On-Time Performance Statistics
1. Carrier and flight number.
2. Aircraft tail number.
3. Origin and destination airport codes.
4. Published OAG departure and arrival time for each scheduled operation of the 
flight.
5. CRS scheduled arrival and departure time for each scheduled operation of the 
flight.
6. Actual departure and arrival time for each operation of the flight.
7. Difference in minutes between OAG and CRS scheduled arrival times.
8. Difference in minutes between OAG and CRS scheduled departure times.
9. Actual wheels-off and wheels-on times for each operation of the flight.
10. Date and day of week of scheduled flight operation.
11. Scheduled elapsed time, according to CRS schedule.
12. Actual elapsed time.
13. Amount of departure delay, if any.
14. Amount of arrival delay, if any.
15. Amount of elapsed time difference, if any.
16. Casual code for cancellation, if any.
17. Minutes of delay attributed to the air carrier delay, if any.
18. Minutes of delay attributed to extreme weather delay, if any.
19. Minutes of delay attributed to the national aviation system, if any.
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20. Minutes of delay attributed to security, if any.
21. Minutes of delay attributed to a previous late arriving aircraft, if any.
22. For gate returns, first gate-departure time at origin airport.
23. Total ground time away from gate for all gate/air returns at origin airport, 
including cancelled flights—actual minutes.
24. Longest time away from gate for gate return or cancelled flight.
25. Three-letter code of airport where diverted flight landed.
26. Wheels-on time at diverted airport.
27. Total time away from gate at diverted airport.
28. Longest period of time away from gate at diverted airport.
29. Wheels-off time at diverted airport (Airline Service Quality Performance Reports, 
2004).
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Appendix C Retrieval of Data from RITA Database
The following steps and images show how to navigate the RITA website to 
retrieve the on-time arrival percentage data:
1. Navigate to http://www.transtats.bts.gov/homepage.asp
2. Click on Database Directory under the Resources section.
3. Select Airline On-Time Performance Data from the list of databases.
4. Click On-Time Performance.
5. Scroll down to find DestAirportID and select the Analysis link to the right of the 
description.
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6. Select the appropriate filters and click recalculate to display the correct data.
7. Retreive the data. 
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Appendix D Joint-Use Airports
The FAA works with the military departments on the joint-use of existing military 
airports when a civil sponsor wants to use the military airfield (Federal Aviation 
Administration, 2014c). The military installations, listed by branch, serve both military 
and civilian aircraft:
Air Force
1. AF Plant 42, Palmdale, CA
2. Barter Island LRRS, Barter Island, AK
3. Charleston AFB, Charleston, SC
4. Dover AFB, Dover DE
5. Eglin AFB, Valparaiso, FL
6. Grissom AFB, Peru, IN
7. Kelly/Lackland AFB, San Antonio, TX
8. March ARB, Riverside, CA
9. Pt. Lay LRRS, Point Lay, AK
10. Scott AFB (Mid America), Belleville, IL
11. Sheppard AFB, Wichita Falls, TX
12. Westover ARB, Chicopee, MA
Army
13. Blackstone AAF (Ft. Pickett), VA
14. Camp Guernsey AAF, Guernsey, WY
15. Dillingham AAF, Waialua, HI
16. Forney AAF (Fort Leonard Wood), MO
64
17. Robert Gray AAF, Ft. Hood/Killeen, TX
18. Grayling AAF, (Camp Grayling), MI
19. Libby AAF (Ft. Huachuca), Sierra Vista, AZ
20. Sherman AAF, (Ft. Leavenworth), KS
21. Sparta/Fort McCoy (Sparta), WI
22. Wright AAF (Fort Stewart) Midcoast Rgnl, Ft Steward/Hinesville, GA
Navy
23. MCAS Yuma, Yuma, AZ
65
Appendix E FAA Airport Diagram Retrieval
The airport diagrams used to classify each airport’s runway configurations were 
taken from the FAA Airport Diagrams Search at the following link: 
http://www.faa.gov/airports/runway_safety/diagrams/
The airport identifier was enter for each eligible airport and the resulting diagram 
was used to classify the runways.
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